Background: Understanding changes in physical activity and sedentary time (SED) during early childhood may provide insights into how to effectively promote a healthy start to life. This study examined changes in total volume and bouts of SED, light-(LPA), and moderate-to vigorous-intensity physical activity (MVPA) across early childhood, and explored differences in change between boys and girls. Methods: Data were drawn from 330 children participating in the Melbourne InFANT Program, collected between 2008 and 2013 and analysed in 2017. Children's physical activity and SED were assessed for at least 7 days at each timepoint using ActiGraph GT1M accelerometers at 19 months, 3.5 and 5 years of age. Total volume of SED (≤100 counts per minute [CPM]), LPA (101-1680 CPM) and MVPA (≥1681 CPM) were expressed as a percentage of wear time, and the frequency (number of bouts/day) and duration (mins/bout) of SED, LPA and MVPA bouts ≥1 min were calculated at each time point. Multilevel models with random intercepts and slopes were used to examine changes in total volume and bouts of SED, LPA and MVPA for boys and girls. Results: Compared to aged 19 months, children's total volume of SED and LPA decreased at 3.5 and 5 years old, while MVPA increased. The frequency of SED bouts at 3.5 and 5 years was greater than at 19 months, but the duration was shorter. Additionally, the frequency and duration of LPA bouts was lower and MVPA bout frequency and duration was greater at 3.5 and 5 years. In general, there was no evidence of sex differences in trajectories of children's physical activity and SED. However, variations in trajectory were observed at the individual child level. Conclusions: Children's total volume and bouts of SED, LPA and MVPA change across early childhood, mostly in a favourable direction. Trajectories appear to be similar for boys and girls. Investigation of individual variation in trajectories is likely to provide greater insight into associations between physical activity and future health and behavioural outcomes.
Background
Optimising physical activity and minimising sedentary time in early childhood (infancy -5 years of age) is important for health [1] . Previous reviews have found that greater daily physical activity participation during early childhood is associated with fewer cardiovascular risk factors and lower adiposity, and improved cognitive development and bone density in early and later childhood [1] . Excessive time spent sedentary in early childhood, namely in screen-based behaviours, is negatively associated with these same health outcomes [2, 3] . Despite the growing trend towards promoting physical activity in early childhood, little is known about how children's physical activity and sedentary time are accumulated, and how the total volume and patterns of accumulation (i.e., frequency and bouts) change over time. This is important for several reasons. Firstly, identifying how physical activity and sedentary time change across early childhood provides an indication of the age at which children may be most or least active, which can be used to inform the timing of intervention programming. Secondly, identifying typical patterns of accumulation of physical activity and sedentary time across early childhood can provide an indication of how physical activity initiatives might be structured at various ages to increase total volume of physical activity and minimise sedentary time, as well as optimise health outcomes for children.
Previous studies examining changes in total volume of daily physical activity and sedentary time have generally reported that physical activity declines and sedentary time increases from the age of 4-5 years onwards, likely coinciding with the commencement of formal schooling [4] [5] [6] . However, little information exists on changes in children's total volume of physical activity and sedentary time prior to commencing primary school (i.e., from when children begin walking independently through to the preschool years). A recent longitudinal study from Switzerland that focused on children from 2.5 years of age found increased total physical activity and moderate-to-vigorous physical activity (MVPA) up to age six, with sedentary time remaining somewhat stable [7] .
The majority of research on patterns of physical activity and sedentary time accumulation (i.e., bout frequency and duration) is drawn from cross-sectional samples of school-aged children and adolescents [8] [9] [10] [11] , rather than toddlers and pre-schoolers. Only a few studies have investigated bouts of sedentary time in preschool aged children [12] [13] [14] [15] [16] . Previous studies investigating relatively long bouts of sedentary time for this age group (i.e., ≥10 min) have shown contrasting findings. Two studies from Scandinavia (Norway and Sweden) investigated sedentary bouts > 10 min. One reported a total of 83 mins/day was spent in bouts of this duration [12] , whilst the other reported over 300 min per day [14] . Studies from Australia and Canada that examined several different sedentary bout lengths (1-4 min; 5-9 min; ≥10 mins) in children reported that the greatest proportion of sedentary time was derived from bouts that were short in duration < 1 min [15] or 1-4 min in length [13, 16] . One of these studies [13] also examined changes in children's sedentary time over the course of 1 year (from age 3-5 years to age 4-6 years). They found increases in the total time spent in 1-4 min bouts and in ≥10 min sedentary bouts, regardless of whether children had commenced primary school or not [13] .
Despite emerging research on sedentary bouts in early childhood, we are not aware of any studies that have examined bouts of physical activity in children under five. Research on physical activity patterns of accumulation in school aged children and youth have found that 66% of 8-17 year old children's physical activity was accumulated through sporadic (1-4 min) bouts of MVPA, 16% through short (5-9 min) bouts and 18% through long (> 10 min) bouts of MVPA [11] . Other research with 8-10 year old children has found that found most MVPA was accumulated in bouts less than 1 min and the mean duration of a LPA bout was just over 1 min [17] . However, patterns of accumulation can be heavily influenced by how data are collected, particularly when using accelerometry (such as through the use of short vs long epoch settings) [18] , which may possibly explain some of the differences in bout duration observed between studies. Additionally, recent reviews have highlighted that there is a lack of consensus on how physical activity bouts are defined in the literature [19] .
An additional consideration to changes in activity spectrum patterns in early childhood are the sex differences from a young age. Previous research has consistently shown that boys' total volume of physical activity tends to be greater than girls [20] . There is also evidence that patterns of accumulation of sedentary time may differ by sex, with boys engaging in more very short (< 1 min) bouts of sitting than girls [15] . Exploring sex differences in physical activity and sedentary time from when children commence independent walking is important for providing insights into how to better design programming to optimise physical activity and minimise sedentary time for both sexes early in life.
In summary, limited evidence exists for how children's total volume of physical activity and sedentary time change across early childhood. Furthermore, no studies have examined changes in physical activity and sedentary patterns in early childhood. Consequently, this study aims to address these gaps and examine changes in total volume and bouts of sedentary time, LPA and MVPA across early childhood, and to explore whether there are any differences between boys and girls.
Methods

Participants
Participants for this study were drawn from the Melbourne InFANT Program and Melbourne InFANT Program Follow-Up. The methods of this study have been previously described elsewhere [21] [22] [23] . Briefly, the Melbourne InFANT Program was a cluster-randomised controlled trial focused on childhood obesity prevention and delivered to first-time parents' groups (existing groups made up of parents with children born around a similar time in their local area, run through government-funded maternal and child health centres in the state of Victoria, Australia) when children were 4-19 months of age. Children were then followed up at two later time points: 3.5 and 5 years old [23] . This study used data collected when children were 19 months (2009-2010), 3.5 (2011-2012 ) and 5 (2013) years of age. Of the original sample of 542 parent-child dyads recruited at baseline (child aged 4 months old), 480 were still enrolled in the study at intervention conclusion (child aged 19 months old), and 361 and 337 families consented to take part in the study when the children were aged 3.5 years and 5 years old, respectively. All mothers in the Melbourne InFANT Program and Melbourne InFANT Program Follow-Up gave written consent for themselves and their child to take part in the research. Ethics approval for this project was granted from the Deakin University Human Research Ethics Committee and the Victorian Government's Office for Children.
Physical activity and sedentary time
Children's physical activity and sedentary time were objectively assessed at each time point using ActiGraph GT1M accelerometers (ActiGraph LLC, Pensacola, FL, USA). The accelerometers were worn on an elastic belt and placed over the child's right hip, and parents were instructed to keep the accelerometer on the child during all waking hours for at least 7 days, removing only for sleeping and water-based activities. Data were collected in 15-s epochs.
Accelerometer data were processed using customised Excel macros. 10 min of consecutive zeros were considered to be non-wear time [13, 24] . Validated cut-points of ≤100 counts per minute (CPM), 101-1680 CPM, and ≥ 1680 CPM were applied to the data at all ages to distinguish sedentary time, LPA, and MVPA [25] , respectively. The 70/80 rule was applied separately at each time point to determine a valid day (19 months = 7.4 h; 3.5 years = 6.6 h; 5 years = 6.9 h) [26] . The 70/80 rule represents non-missing counts for at least 80% of a standard measurement day, defined as the length of time that at least 70% of the sample wore the monitor [27, 28] . Children were included in the analyses for this study if they wore the accelerometer for at least 3 valid days [24, 27] during at least one time point, consistent with previous research [4] . Children's total volume of sedentary time, LPA and MVPA, expressed as a percentage of wear time, was averaged across all valid days. The average number of bouts per day lasting ≥1 min (frequency) and the average duration in a bout (minutes/day) were also determined. Given there is presently no consensus on the 'optimal' bout length for young children [19] , a one-minute bout length was selected based on previous research that has focused on children's physical activity and sedentary time [11, 13] and the sporadic nature of young children's physical activity [19] . No exceptions were allowed, which has been shown to increase time accumulated in longer bouts [18] .
Demographic information
Mothers reported demographic information about themselves and their child including: the sex of their child, their own education levels (low = secondary school or lower; medium = trade certificate/diploma; high = university degree or higher), and their child's date of birth. The child's date of birth enabled the calculation of the child's decimal age, which was based on when the survey was completed. Mothers also reported whether their child was attending primary school at the 5 year old time point (yes/no).
Data analysis
Data were analysed in 2017 using Stata v.14.0 [29] . A chi-squared test was used to examine whether the number of valid time points of data differed by maternal education. Analysis of variance (ANOVA) tests examined differences in total SED, LPA and MVPA for children who had commenced primary school at age five and those who had not. Linear multilevel models were used to examine changes in the following outcome variables over time: total volume of SED, LPA and MVPA expressed as a percentage of wear time; and frequency (bouts/day) and duration (mins/day) of bouts of SED, LPA, MVPA. Multilevel modelling was considered the most appropriate analysis technique as it can manage nested data and is robust for dealing with missing data, assuming the data are missing at random [30] . Each model included a random intercept for both child and parent group of recruitment. In addition, the coefficient of time was allowed to vary randomly by child to allow each child to have his or her own trajectory of change. To determine whether there was evidence that there was random variation in the trajectory of change across participants, likelihood ratio tests were used to compare multilevel models with and without a random slope for time (i.e., random intercept only vs. random slope and intercept). In addition, models with an unstructured covariance, which allowed for correlations between the random intercept and slope, were considered. For most outcome variables (total volume of SED, LPA, MVPA, SED and MVPA bout frequency, and SED bout duration) the random slope and intercept with unstructured covariance provided the best fit for the data. For the remaining outcome variables (LPA bout frequency, and LPA and MVPA bout duration), a random intercept was sufficient. Model residuals were checked for normality and constant variance using QQ-plots and plots of residuals against fitted values. All assumptions appeared reasonable.
Since participants of the Melbourne InFANT Program were recruited as part of a cluster randomised controlled trial, models were initially fitted to examine whether change in the outcomes differed by treatment group (i.e., intervention vs. control). However, there was no evidence of a group by time interaction for any of the outcome variables. Therefore, data were pooled from both groups for the remaining analyses to maximise the sample size.
An interaction between time and sex of the child was included in models to determine if trajectories of physical activity and sedentary time across early childhood differed by sex. All analyses controlled for intervention group and maternal education (as a proxy for socioeconomic status) at baseline. The analyses examining the frequency and duration of bouts also controlled for accelerometer wear time, given the outcome was expressed in bouts or minutes per day, rather than as a percentage of wear time. As time was included as a categorical predictor in analyses, post-hoc pairwise comparisons were conducted to examine the differences in average volume and bouts of SED, LPA and MVPA between all of the time points. The Bonferroni correction (set at p < 0.01) was used in post-hoc testing to adjust for the multiple comparisons made.
Results
From the 492 children enrolled in the Melbourne In-FANT Program at 19 months, 330 children (67%) had sufficient accelerometer data for at least one time point during the follow-up period (e.g., 19 months, 3.5 and/or 5 years), resulting in 681 data points for the analyses. A total of 141 children had one time point of valid data, and 189 had two or more time points of valid data. From the total sample (n = 330), 52.6% of children were male, and 59.2% of mothers had a university degree or higher, with the remainder having a trade certificate (24.0%) or secondary school or lower (16.8%). Mothers with a university degree or higher were more likely to have children with 2 time points of data (χ 2 = 7.76, p < 0.05). Twelve percent of children in the sample were attending primary school at the 5 year old time point, however, there was no evidence that their total volume of SED, LPA or MVPA differed from those who were not attending school. Consequently, these data were pooled. Compared to when children were aged 19 months, the average frequency of bouts of SED was greater at 3. Table 2 reports the estimated standard deviations and confidence intervals for the random effects (random intercept for child and parent group, random slope for time) from the models of total volume of SED, LPA and MVPA. For these outcome variables, there was evidence of variability in the coefficient of time between children. This means that the slopes (trajectories) of SED, LPA and MVPA varied between individual children (see Fig. 1 for sample depiction of individual trajectories, separated by sex). The findings shown in Table 2 also highlight that there was a negligible amount of variability in SED, LPA and MVPA between parent intervention groups.
Discussion
This study was the first to examine changes in total daily volume and bouts of SED, LPA and MVPA across early childhood between boys and girls, beginning from around the time when children commenced independent walking. Overall, generally favourable trends were observed across the sample. As children aged, a greater proportion of time was spent in MVPA, which appeared to be replacing some of the time spent sedentary and in LPA. This suggests that the recommendation to gradually increase physical activity intensity during the early childhood period (i.e., 60 mins MVPA of energetic play from 3 to 5 years of age [31, 32] ) is consistent with the trajectory of children's objectively assessed MVPA, making it a feasible recommendation for this age group. Given the favourable effects of MVPA on children's cardiovascular health [33] the progressive replacement of SED and LPA with MVPA is a promising finding. The progressive increase could be due to favourable environmental changes (e.g., less time in restricted movement; greater opportunities for engagement in MVPA with other children or family members, more independence) and/or improved motor development (i.e., from intermittent walking to more sustained activity) at these later ages [34] .
Since the mean duration of MVPA bouts increased only slightly over time, our findings suggest that the higher total volume of MVPA occurring at 3.5 and 5 years resulted from progressively more bouts rather than from more prolonged MVPA. By 5 years of age almost 1/3 of children's MVPA was accumulated through bouts > 1 min, compared to about 1/5 at 19 months old. This is possibly due to changes in children's growth and development [35] , perhaps coinciding with greater 
opportunities for active play and less time in situations restricting movement [36] . Little research has investigated physical activity bouts in children, with none in the early childhood period. Previous research on primary school-aged children has reported mixed results regarding the typical bout duration for that age group. One study found that the average bout duration in a sample of 12 year old children was 4.7 min, representing approximately 40% of their total MVPA time [37] . Others conducted with 6-10 year old children [17, 38] and 14-year old adolescent boys [39] found most MVPA was accumulated in bouts less than 1 min; for example, Sanders at et., [39] found an average bout duration of just 4.1 s. Given that previous research has shown that methodological decisions, in particular the epoch length selected when using accelerometers, can heavily influence the results attained [18] , it is likely some of the differences in bout duration estimates are a result of this. Nonetheless, our study findings suggest that activities that are quite brief in duration (< 1 min) still enable young children to accumulate sufficient volumes of MVPA throughout the day. Given this, interventions in this age group may want to focus on providing opportunities to increase the number of MVPA bouts occurring throughout the day. For example, early learning centres might increase the frequency of outdoor play periods during care (as has been tested previously [40] ), or parents might be supported to encourage play activities that facilitate spurts of MVPA (e.g., chasing games) throughout the day at home.
A decrease in the duration of sedentary bouts between 19 months and 3.5 and 5 years old, but an increase in the frequency of these bouts, was also observed. However, no differences in total volume or bout frequency and duration were observed between 3.5 and 5 year time points. This suggests that the biggest change in how sedentary time is accumulated occurs between 19 months and 3.5 years, with minimal change thereafter. It is difficult to postulate why this finding has occurred, but could be due to the combined effect of developmental and environmental changes. For example, the increasingly social play with other children that occurs between 19 months and 3.5 years (shifting from solitary/parallel play to associative or cooperative play [41] ) may impact on sedentary bout frequency, bout duration and total volume of sedentary time. Alternatively, changing parent or caregiver actions that might occur to a greater degree between 18 months and 3.5 years (compared to 3.5 and 5 years old), such as less reliance on a pram, may reduce the duration of sedentary bouts and total volume of sedentary time. However, as these are just hypotheses, there appears to be important research opportunities for understanding sedentary behaviour in this very young (< 2 year old) sample group given that their sedentary time appears to be accumulated differently to that in the preschool years. A noticeable increase in sedentary bout length may not appear again until children transition to school, at which point the structure and policies within the present school environment may negatively impact children's total volume of sedentary time [13] . It is important to note that within our sample, despite more frequent sedentary bouts ≥1 min occurring over time, these were not enough to increase children's total volume of sedentary time. At present the relationship between Evidence of some sex differences in both volume and bouts of physical activity and sedentary time were also noted, though these were predominantly main effects rather than interactions over time (i.e., changes in trajectory). This supports previous work that has suggested that girls engage in more sedentary time and less MVPA than boys [20, 42] , but also proposes that the trajectories of physical activity and sedentary behaviour between the sexes are not dissimilar. The only exception was that whilst MVPA bout frequency increased from 19 months among girls and boys, girls appeared to increase to a lesser extent than boys by 5 years old, although the effect size of this difference was small (approximately two fewer bouts/day). Nonetheless, it may be important for care providers and parents to pay particular attention to prompting girls to engage in MVPA more regularly across early childhood to minimise the sex differences already apparent in MVPA during this period [20] and continuing later in life [43] . Although there is limited evidence on strategies to support girls' physical activity participation in the early years, some ideas can be drawn from the DADEE program, a father-daughter physical activity intervention conducted with primary school girls [44] . In this program, the authors highlight the importance of program aspects such as redefining gender norms, participating in co-physical activity and improving fundamental movement skills for successfully increasing physical activity amongst girls [44] . Perhaps the efficacy of a similar approach, extended to a range of care providers, could be investigated in early childhood, especially during the preschool years where the sex difference in MVPA bout frequency seems to emerge.
A novel finding of this work was that whilst the total volume of MVPA increased and LPA and sedentary behaviour decreased over time, individual children's activity trajectories, particularly with respect to children's MVPA, differed. Visual inspection of the data showed that some children demonstrated a linear increase or decrease over time, whilst others showed a 'V' , or inverted 'V' shape, over time. Understanding how these different trajectories of physical activity and sedentary behaviour in early life are associated with future physical activity and sedentary behaviour patterns, as well as with health outcomes, will be important for future research in this field. Additionally, identifying the modifiable factors that predict different trajectories of physical activity and sedentary behaviour across early childhood may be useful for informing intervention programs. For example, early targeted support could be provided to those children who demonstrate decreasing physical activity and increased sedentary patterns.
Strengths and limitations
The strengths of this work include the objective measurement of physical activity and sedentary time, the inclusion of both volume and bouts of different intensities of physical activity and sedentary time, as well as multiple time points across the early childhood period. Nonetheless, we recognise that this study is not without its limitations. It is possible that some change in bout frequency or duration may have occurred over this time, but were less than 1 min in length and therefore not taken into account with the present analysis strategy. However, it was decided a priori that the bout duration of greater than 1 min would be used for both physical activity and sedentary time, consistent with previous research [13, 15] to enable comparisons and the brief nature of young children's physical activity [38] . This is particularly relevant given that no consensus on 'long' vs. 'short' duration bouts have been established at present [19] . Additionally, some of the variability in physical activity and sedentary time estimates at each time point could be due to measurement error, potentially impacting the trajectories identified. There is also currently considerable challenges with the application of cut-points for children during the early childhood years [45] . This study used the same cut-points across each time point to ensure that any changes in physical activity detected were a result of changed movement behaviour rather than a change in cut-point. However, as some evidence suggests that cut-points should change with age [46] , it is possible that the application of the same cut-point across these three time periods may have misclassified some movement behaviours. Lastly, attrition occurred over time, a proportion of the sample did not have all three time points of data and the use of 15-s epochs may underestimated sedentary time and MVPA, and overestimated LPA.
Conclusions
This is the first study to focus on changes in young children's volume and bouts of physical activity and sedentary time across the early childhood period. This study found that from 19 months, children's MVPA increased, whilst their LPA and sedentary time decreased, largely a result of changes in bout frequency. Trajectories of physical activity were mostly similar for boys and girls, but showed different patterns between individual children in the sample. Future research should consider examining the implications of different trajectories of physical activity and sedentary time across early childhood on children's later physical activity and sedentary behaviours, as well as associations with health.
Abbreviations CPM: Counts per minute; LPA: light-intensity physical activity; MVPA: Moderate-to vigorous-intensity physical activity; SED: Sedentary time
